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ABSTRACT

This study is a structural analysis of the major components of the implements for an agricultural tractor.
To develop an unpowered high-speed implement of an agricultural tractor, the modeling and analysis of the
benchmarking product was calculated using 3D scanning and reverse design technologies. The tractive load
was calculated using the powertrain efficiencies and soil-propelling force, which were estimated by analyzing
the main frame, disc, frames, and chisel plow for the axial loading condition. The final goal of this research
is to establish the design parameters and assembly technology for securing disc harrow structures and
durability of life. This information will be used to analyze the new model design for domestic consumption.

Key Words : Structural Analysis(7Z=5H41), Unpowered Complex Implements(F&21 =&2H171), Agricultural

Tractor(& & E24E]), Reverse Design(2Q4A), Disc Harrow(C|A T8 29)
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Fig. 1 Base model multidisc_250_xI_vario_s

Table 1 Tractor traction

Powertrain 100% / soil thrust 100%

P P (kw) \' Tirer @ T Traction | Traction/
(PS) (km/h) | (m) |(rad/sec)|(kN.m) N) 22

100 | 73.6 | 15 | 0.9 | 463 | 159 [17,664.0 | 8029

150 | 110.4 | 15 | 0.9 | 463 | 23.8 |26496.0 | 1204.4
200 | 147.2| 15 | 09 | 4.63 | 31.8 |353280 | 1,605.8
Powertrain 90% / soil thrust 85%

P(kw) \' Tirer @ T Tractio |Traction/
(km/h) | (m) |(rad/sec) | (kN.m) N) 22

W0 1563 | 15 | 09 | 463 | 122 | 135130 61422
10 1845 | 15 | 09 | 463 | 182 |20269.4 | 92133
200

112.6 | 15 0.9 4.63 243 27,0259 | 1,228.5
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Table 2 Mechanical property of the steel

Mass density 7.85g/cm’
Ultimate tensile strength 345 MPa
Yield strength 207 MPa
Modulus of elasticity 210 GPa
Shear modulus 80.7692 GPa
Table 3 Physical properties of steel
Mass 606.036 kg
Area 20293400 mm®
Volume 77202100 mm*
x=-1256.10 mm
The center of gravity y=-1234.97 mm
7=228.684 mm

Table 4 Von mises stress of frame

Powertrain 100% / soil thrust 100%

Von mises Max .
IZ(I)—IV;? stress deformation Ml(r:l(.):?gety
(MPa) (mm) ’
100 34.47 0.07 6.00
150 51.69 0.10 4.00
200 68.92 0.14 3.00
Powertrain 90% / soil thrust 85%
Von mises Max .
IZ(I)—IV;? stress deformation Mlg('):?ffety
(MPa) (mm) ’
100 26.35 0.05 7.85
150 39.55 0.08 5.23
200 57.74 0.10 3.92
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Fig. 2 Deformation for powertrain 100%,so0il thrust
100%, 200HP
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Fig. 3 Chisel position from complex implements

Table 5 Material property of SS400

Yield strength (MPa) .
6 Tensile strength
t excess, MPa
16t less than 40t less than ( )
245 235 400 ~ 510
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Table 6 Chisel & chisel arm von mises stress(Mpa)

Table 7 Total deformation for chisel axis of x,y,z(mm)

Powertrain 100% / soil thrust 100%

Powertrain 100% / soil thrust 100%

Power(HP) | Tillagedepth | 100mm | 200mm | 300mm

Power(HP) | Tillage depth | 100 mm | 200 mm | 300mm

chisel 11.30 18.35 34.69
100 chisel arm 17.79 33.02 39.97
chisel 16.71 29.74 52.04
130 chisel arm 26.68 46.72 59.94
200 chisel 27.69 49.29 52.57

chisel arm 35.44 63.82 86.36
Powertrain 90% / soil thrust 85%
Power(HP) | Tillagedepth | 100mm | 200mm | 300mm

100 chisel 8.50 17.62 26.53
chisel arm 13.62 23.85 30.50

chisel 17.00 30.32 39.81

130 chisel arm 20.42 35.75 46.96
200 chisel 12.68 21.86 28.12

chisel arm 28.80 47.66 65.55
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{d) Total
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(¢} Z-axis

Fig. 4 Deformation of powertrain 100%, soil thrust 100%
and 200HP

X-axis 0.166 0.288 0.367
Y-axis 0.005 0.009 0.010
100 Z-axis 0.089 0.156 0.201
Total 0.167 0.290 0.369
X-axis 0.247 0.431 0.549
Y-axis 0.007 0.011 0.015
150 Z-axis 0.133 0.233 0.300
Total 0.249 0.434 0.552
X-axis 0.329 0.574 0.731
200 Y-axis 0.009 0.017 0.024
Z-axis 0.177 0.311 0.401
Total 0.332 0.578 0.734

Powertrain 90% / soil thrust 85%

P(g‘[‘{f;r Tillage depth | 100 mm | 200 mm | 300mm

X-axis 0.127 0.220 0.282
Y-axis 0.003 0.006 0.008
100 Z-axis 0.035 0.119 0.154
Total 0.128 0.221 0.283
X-axis 0.190 0.330 0.420
Y-axis 0.005 0.009 0.012
150 Z-axis 0.102 0.178 0.230
Total 0.191 0.332 0.422
X-axis 0.253 0.439 0.562
Y-axis 0.008 0.012 0.019
200 Z-axis 0.136 0.238 0.307
Total 0.255 0.442 0.564
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Fig. 5 Fixed support & force direction

Table 8 Projected area of each disc angle

Angle(deg.) Area(mm?)
0° 25549.171
9° 51066.458
18° 82457.289
27° 124557.003
36° 160040.665

AAste] 22UL ATAIAL. Fig 59 L%

< EZEe w100 HP, 150 HP, 200
HP)E, fx=9 ZFE(0°, 9°, 18°, 27°, 36°0)EE
g3 "ol ZZ AQlY EE 100%Yu
802.9IN, 90%%¥ wl 614.22N, e AU
(Vertical Tractive Force)xtan®, =212 817N( Table
92 AF&3FA

Table 10 Disc, disc frame von mises stress & contact
pressure (MPa)
Powertrain 100% / soil thrust 100%

0° 9° 18° | 27° 36°

Disc von mises
stress 3746 | 38.98 | 5698 | 86.81 | 115.01

100 Disc frame
HP contact 133.64 | 140.63 | 193.86 | 237.16 | 254.29
pressure

Frame von

. 49.68 | 41.04 | 62.52 | 84.55 | 101.61
mises stress

Table 9 Traction, lateral force

Powertrain 100% / soil thrust 100%

Ang 100 HP 150 HP 200 HP
1 .| Lateral .| Lateral .| Lateral
€ | Traction| force Traction| ~ force Traction | force
0° | 802.91 0 1,204.37 0 1,605.82 0

9° | 802.91 |127.168|1,204.37| 190.75 |1,605.82 | 254.34

18° | 802.91 | 260.88 |1,204.37|391.32 |1,605.82| 521.76

Disc von

f 56.04 | 58.54 | 85.64 | 13043 | 172.77
mises stress

150 Disc frame
Hp contact 200.41 | 211.19 | 291.10 | 356.07 | 381.83
pressure

Framevon | 5436 | 6142 | 9395 | 127.02 | 15261
mises stress

Disevon | ) 63 | 7800 | 11431 | 174.07 | 230.54
mises stress

200 Disc frame
HP contact 267.13 | 281.78 | 388.26 | 475.05 | 509.38

ressure
27° | 802.91 |409.10 |1,204.37| 613.65 |1,605.82 | 818.20 Flr;me von [ o007 | 8175 | 12541 | 169.46 | 20361
36° | 802.91 | 583.35 |1,204.37| 875.02 |1,605.82|1,166.70 mises stress ' ) ’ ’ ’
Powertrain 90% / soil thrust 85% Powertrain 90% / soil thrust 85%
Ang- 100 HP 150 HP 200 HP Angle 0° 9° 18° 27° 36°
le | Traction I:?;ngl Traction I:?;fzzl Traction I:?(t)fzzl ml?slzg Zt(;gss 28.7 29.8 43.5 66.3 87.9
0° | 614.23 0 921.34 0 1,228.45 0 100 | Disc frame

9° | 61423 | 97.28 | 921.34 | 145.93 |1,228.45| 194.57

18° | 614.23 | 199.58 | 921.34 | 299.36 |1,228.45| 399.15

27° | 61423 |312.96 | 921.34 | 469.44 |1,228.45| 625.93

36° | 614.23 | 446.26 | 921.34 | 669.39 |1,228.45| 892.52

51 Cl23 F=sfY =2

2 20em A= Y2IE 06202 AFL
Ss400°]th.  Fig 59 9% Fixed SupportZ T2~
ae F AR, 4 dz3 e F ol EE
2 A ZHy A dAAE o] F&o] Ao A
ZH A 2EA FHe W AAE Fixed U2

HP contact P. 102.3 | 107.5 | 1482 | 1813 | 1942

Framevon 1501|314 | 478 | 646 | 777
mises stress

Discvon 1 yp9 | a8 | 654 | 997 | 1321
mises stress

150 | Disc frame
HP contact P.

1533 | 1614 | 2225 | 2723 | 2919

Frame von 57.0 47.0 718 97.1 116.7
mises stress

Disc von
mises stress 57.2 59.7 87.4 133.1 176.2

200 | Disc frame
HP contact

204.4 | 2154 | 296.7 | 3632 | 389.5

Frame von
mises stress 75.9 62.6 95.8 129.6 | 1557
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Table 11 Deformation for each x,y,z and total direction
of the disc harow(unit:mm)

Powertrain 100% / soil thrust 100%

angle 0° 9° 18° 27° 36°
X-axis 0.0009 | 0.0014 | 0.0010 | 0.0028 | 0.0280

100 | Y-axis | 02046 | 0.2931 | 0.3787 | 0.4737 | 0.5349
HP Z-axis 0.0840 | 0.0610 | 0.0859 | 0.1190 | 0.1436
Total | 0.2608 | 0.3691 | 0.4943 | 0.6553 | 0.7865
X-axis | 0.0014 | 0.0021 | 0.0016 | 0.0047 | 0.0425

150 | Y-axis | 03071 | 0.4402 | 0.5687 | 0.7115 | 0.8034
HP | Z-axis | 0.1255 | 0.0910 | 0.1289 | 0.1786 | 0.2155
Total | 0.3913 | 0.5542 | 0.7423 | 0.9839 | 1.1809
X-axis 0.0019 | 0.0029 | 0.0021 0.0065 | 0.0570

200 | Y-axis 0.4098 | 0.5874 | 0.7588 | 0.9493 1.0719
HP | Z-axis | 0.1670 | 0.1210 | 0.1719 | 0.2382 | 0.2874
Total | 0.5218 | 0.7392 | 0.9902 | 1.3126 | 1.5754

Powertrain 90% / soil thrust 85%

angle 0° 9° 18° 27° 36°
X-axis 0.0007 | 0.0011 0.0008 | 0.0020 | 0.0212

100 | Y-axis | 0.1564 | 0.2240 | 0.2893 | 0.3619 | 0.4087
HP | Zz-axis 0.0645 | 0.0469 | 0.0657 | 0.0910 | 0.1098
Total | 0.1995 | 0.2823 | 0.3778 | 0.5008 | 0.6011
X-axis 0.0011 0.0016 | 0.0012 | 0.0034 | 0.0323

150 | Y-axis 0.2348 | 0.3365 | 0.4347 | 0.5438 | 0.6141
HP | Zz-axis 0.0962 | 0.0698 | 0.0986 | 0.1366 | 0.1648
Total | 0.2993 | 0.4237 | 0.5675 | 0.7522 | 0.9028
X-axis 0.0014 | 0.0022 | 0.0016 | 0.0048 | 0.0434
200 | Y-axis 0.3133 | 0.4491 0.5801 0.7257 | 0.8195
HP | Zz-axis | 0.1280 | 0.0928 | 0.1315 | 0.1821 | 0.2198
Total | 03991 | 0.5653 | 0.7572 | 1.0036 | 1.2046
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